There is a growing body of empirical research on the Olympics: Some of this work (Bernard and Busse 2004 , Johnson and Ali 2004 , Lui and Suen 2008 has tested the determinants of total NOC medal outcomes at the Summer Games. Other researchers (Klein 2004 , Leeds and Leeds 2012 , Lowen, Deaner, Schmitt 2014 , Noland and Stahler 2014 studied female athletic inclusion and success specifically. A third group of researchers have statistically modeled outcomes for individual sports (Balmer, et al. 2001 , Tcha and Pershin 2003 , Otamendi and Doncel 2014 . However, while there is a fair amount of scholarly work devoted to the study of Asia's experience at the Olympic Games (See, for example, a compilation of work in Kelly and Brownell 2011), the empirical exploration of the region's historical performance at the Olympics is very limited. Hoffmann, et al. (2004) built econometric models and predicted medal counts for ASEAN competitors as far out as 2050.
In Tcha and Pershin's (2003) study of sports-specific outcomes, the researchers included a dummy for Asian countries and found that being an Asian competitor negatively correlates 4 For example, at the London 2012 Summer Games, 11 of the 18 Asian countries in our study won medals, including North Korea (6 medals), Mongolia (5 medals), and Thailand (3 medals). At the Sochi 2014 Winter Games, while a near-record-high number of participants competed from ten of the eighteen Asian countries-including the notable entry of Timor-Leste -the winner's podium was still reserved exclusively for Japan, China, and South Korea. The only other Asian country to win Olympic medals at the Winter Games is North Korea, which won one medal in 1964 and one medal in 1992.
with success in swimming events, but is positively associated with weightlifting events. Hematinezhad, et al. (2011) used neural networks to predict the success of participating countries at the Asian Games, another mega-sporting event.
This paper builds on the existing literature on participation and performance in the Summer Olympics to examine the issue of Asian exceptionalism. 5 We find that, while in the aggregate the Northeast Asian countries conform to the statistical norm and the rest of Asia lags, these overall results obscure some interesting distinctions. Asian women generally do better than men, and non-Northeast Asia's underperformance relative to global norms is due to the men, not the women.
Similarly, Asian performance is highly uneven across events. Both Northeast and other Asia excel in badminton and table tennis, but do comparatively worse in water-based sports. Asians also exhibit somewhat better in weight class-based events, perhaps due to the fact that competition is more "fair" from a physiological standpoint.
Looking forward to the 2016 Summer Games, the models imply that China, Japan,
and South Korea will continue to place among the top ten medaling countries, and China will continue to close the total medal gap with the United States.
Modelling Participation and Success at the Summer Games
Our study begins with an investigation of the historical determinants of athletic participation at the Olympics. In this regard, previous research has focused on country size, income level, and a selection of other socio-economic controls to predict how many athletes a country ultimately sends to the Games. 6 Table 2 shows the determinants of an NOC's total share of Olympic participation at the Summer Olympics between 1960 and 2012 using the basic vector of controls chosen for our medaling models (discussed below). Two dummies have been added, Northeast Asia (China, Japan, and South Korea) and other Asia.
Regardless of estimation technique, per capita income, population, status as a current host, status as a communist country, and average years schooling are all positive and significantly 5 As a general matter, performance in the Winter Games is more idiosyncratic and in the case of Asia is completely dominated by a few countries.
6 See Noland and Stahler (2014) for a detailed discussion of the determinants of female athletic representation, which also include proxies for a country's education, health, urbanization, and cultural/religious influence. associated with participation. The coefficients on the Northeast Asia dummy are all insignificant, but the coefficients on the rest of Asia are all significantly negative, i.e.
Northeast Asia conforms to the international norm, but the rest of Asia participates less than would be expected on the basis of standard controls.
With regard to Olympic success, we build from the canonical model articulated by Bernard and Busse (2004) . Countries produce Olympic caliber athletes using people, money, and some organizational capacity using Cobb-Douglas technology,
where T is talent, N is population, Y is national income, A is organizational capacity, and the subscripts i and t refer to country and year respectively. A country's share of Olympic medals is a function of talent, and a log function translation of talent into medal shares:
The following yields a specification for medal shares:
Because national income can be expressed as the product of population and per capita income, the previous condition can be restated as
yielding an estimatable model
where the NOC share of total medals won is a function of log population and GDP per capita, together with dummy controls for Olympic host countries and whether it was a Soviet or planned economy.
The Bernard and Busse story has intuitive explanatory power, and a country's aggregate economic resources alone appear a strong correlate of recent success for Asian NOCs ( Figure 6 ). However, we have strong reason to believe that there are other significant socioeconomic and geographic determinants of medaling in the error term ∈ that are collinear with the independent controls: for example, measures of income are also tightly correlated with educational attainment. From the selection of possible control variables shown in Appendix In addition to the host dummy, we also tried a dummy variable for changing North-South hemispheres thereby in essence competing out of season. The results were not robust. 8 For a detailed accounting of the construction of this dataset, including the integration of data on former Soviet economies, see the appendix of Noland and Stahler (2014) .
9 East Germany engaged in a comprehensive and invasive program of administering performance enhancing drugs (PEDs) to its Olympic athletes, particularly female competitors (Franke and Berendonk 1997 , Hunt 2011 , Ungerleider 2013 . This program had a particularly pronounced impact 1976-1988 when the country won an astounding share of female medals (Hunt 2011) . For this purpose, we estimate "doping" by giving East Germany observations a dummy which switches on in 1976, 1980, and 1988 . We also separately control for the East German fixed effect, but this coefficient is not reported.
we include both a dummy designating whether the NOC is a Northeast Asian country , or an other Asian country , as well as whether it is.
Due to a sizable shift in the composition of Olympic competitors after the fall of the Soviet Union, as well as the expanded availability of control data, we also estimate "enhanced" models to study the determinants of success between Madrid 1992 and London
2012.
(2 In addition to our standard controls, we also include a country's labor force gender ratio , which was found to be a positive correlate of success in previous research (Noland and Stahler 2014, Klein 2004) , and the logged stock of foreign-born population ln to test whether a country's diversity plays any role in Olympic outcomes. London 2012, Chinese athletes alone took home 58 percent of the total medals awarded to all Asian NOCs in female events (figure 8).
In Asian female athletes, it may come as a surprise that, empirically, these countries exhibit no discernable difference from non-Asian countries on average. The null result on non-Northeast
Asian females in the majority of models is another surprising finding. Recall that in Table 3 we uncovered a consistent and statistically significant negative return to this country grouping's total medal shares (which includes male, female, and mixed events). Yielding null results when women's events are estimated alone implies that, where male athletes in nonNortheast Asian countries may be underperforming given the model's controls, female athletes are not.
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Sport-Specific Modeling
The analysis thus far has addressed participation and performance at the aggregate level. But the Olympics involve an enormous range of competitions, and examination of event-specific outcomes may yield additional insights.
Medal winnings have become increasingly dispersed among participating countries, especially in the Games following the dissolution of the Soviet Union (Noland and Stahler 2015) . However, the degree of medal winning dispersion in general, and specifically among 11 In this and subsequent "enhanced model" specifications, omit the log of a country's foreign born population, which was not robustly correlated with medaling success. 12 To confirm this hypothesis, we ran regressions on specifications 6.1 -6.6 replacing femaleevent total medal shares with male-event total medal shares. Coefficients on the "Other Asia" dummy were consistently negative for both male and female medal shares. However, the dummies were statistically significant at 10 percent or below in 5 of 6 male medal share regressions, versus 2 of 6 female medal share regressions. This provides further evidence for negative returns to male athletes but not necessarily for their female counterparts.
Asian countries, depends on the sporting category. Table 7 lists all sports at the Summer Games as of 2012 ranked according to Asian prowess, from badminton, where Asian countries accounted for 88 percent of the medals between 1960 and 2012, to equestrian and triathalon where an Asian competitor did not medal in the period surveyed. 13 There is significant variation in the degree to which Asian countries have shared success in these categories (see the "concentration of winnings" column). 14 For example, baseball/softball and handball are dominated by Japan and South Korea, respectively but a more diverse group of Asian countries have claimed victories in wrestling, judo, and weightlifting.
It has sometimes been argued that Asians are physiologically unsuited for certain events. Basketball and the relative dearth of tall people among Asian populations spring to mind. Table 8 reports results for the subset of events where competition is stratified by weight: boxing, judo, taekwondo, weightlifting, and wrestling. Four of the five are "combative" sports and several have a significant judged component in determining outcomes.
As seen in Table 8 , there is some evidence that since 1992 Asia has does better in weight-stratified competitions. This result could be because something changed in the composition and prowess of competitors over the past 25 years; where some countries have incrementally added competitors to weight-based events, such as Thailand in weightlifting, others have reduced their presence, such as South Korea in boxing. The discrepancy may also be due to the change in the composition of non-Asian competitors like the Soviet Union, which was a formidable adversary in boxing, weightlifting, and even judo, and likely left a competition vacuum after its dissolution. Tellingly, after adding a "Soviet Union" dummy to account for its prowess in the core specifications, the coefficients for Northeast Asia became 13 Japan earned a medal in an equestrian event at the 1932 Games, which is not part of our sample.
14 To estimate medal winning concentrations among Asian countries in each sport, we use a modified version of the Herfindahl index. The Herfindahl index is commonly used in industrial organization literature to calculate the degree of intra-industry concentration among firms. The modified index proposed by Otamendi and Doncel (2014) can be written as ∑ (
, where i is country, j is sport, and M is total medal counts. Higher values (bounded at 1) indicate higher concentrations.
positive and statistically significant in both the tobit (8.1) and lagged dependent variable tobit (8.2) specifications.
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In table 9 we take this analysis down to the level of specific sports. In this context, In Appendix Table 3 , we compare model-predicted outcomes with actual outcomes
for Asian countries at the London 2012 Games in fourteen sporting categories. As expected, the predictive power of the model is weaker than total aggregate medal shares (see Table 5 ), especially for sports like wrestling. But archery, gymnastics, and taekwondo are fairly accurately predicted, which is encouraging considering these models appear useful even without including the predictive power of a country's last performance at the Games as a regressor.
Medal Forecasts
A fairly consistent component of the literature on Olympic modeling is to apply econometric results to make out of sample forecasts (Bernard and Busse 2004 , Hoffman et al. 2004 , Johnson and Ali 2004 , Pfau 2006 . In terms of total medals won at London 2012, China (2 nd ), Japan (6 th ), and South Korea (9 th ) all performed strongly. With Asian economies exhibiting relatively strong growth, and continuing to exhibit socio-economic changes such as advances in per capita income and education, it is not unreasonable to expect that these developments will be reflected in their performances at Rio 2016.
To forecast these outcomes, we compile projections on GDP per capita (in PPP) and population growth for all available countries in 2016, the year of the next Summer Games in Brazil, from the October 2014 update of the IMF's World Economic Outlook (WEO) database (IMF 2014a (IMF , 2014b . 17 Total years of average education in the population is extrapolated from the average linear growth rate between 2000 and 2010 in Barro and Lee (2013) data. Status as a communist country and distance from the equator are held constant from 2012, and the status of current host and post-host is updated to reflect that this will be Brazil and Great Britain in 2016, respectively. The lagged dependent variable for 2016
forecasts is the country's total medal share at the 2012 Games.
There are six available variants of the Summer Games medaling models in table 3: a standard tobit model, a tobit model with a lagged dependent variable, and a random effects tobit model, which are estimated both within the full 1960-2012 sampling period and the "modern" 1992 -2012 period. Forecasts were generated for the 2016 Games using the Granger-Ramanathan (1984) method. Excluding an intercept, the in-sample predicted medal shares from the six models are regressed against the actual observed medal share values, placing the constraint that the coefficients add to one:
(3) _ = 1 _ℎ 3.1 + … + 6 _ℎ 3.6 + ∈
If the resulting coefficient is negative, it is removed, and the model is re-estimated iteratively until all remaining prediction models exhibit positive coefficients that sum to one. These estimated coefficient values are then used as the weights to form the forecasts. 18 In the case at hand, the process yielded a combined forecast using models 3.2 and 3.5, which were the lagged dependent variable tobit variations from the full sample and "modern" sample, respectively. 19 Where:
(4) _ ℎ = 0.197 * _ℎ 3.2 + 0.803 * _ℎ 3.5
Because the exact number of medals to be awarded in Rio is unknown due to added/dropped events, ties, and other factors, we report forecasted results for Asian countries 18 In our case, one issue with the "modern sample"-predicted values is that, when applied to the full sample, inclusive of observations before 1990, it amounts to assuming that the coefficients on the year dummies are zero prior to 1990. Imposing this assumption generates relatively large residuals for the pre-1990 observations and could thereby downwardly bias the weight put on "modern sample" specifications. Alternatively, one could go through the Granger-Ramanathan process using all specifications, but produce predicted values only on post-1990 data. Doing this yielded a 100 percent weight on the "modern sample" lagged dependent variable tobit estimation. Ultimately, however, differences across these two sets of forecasts were minimal, as are the differences in results if full weight is placed on the "full sample" lagged dependent variable specification. In the interest of brevity, these alternate results are not shown. 19 In this application, "modern" sample models do not include controls for the gender ratio or the logged stock of the immigrant population.
as percentages of total medals won (table 10) . 20 However, in the last column we also apply these medal shares to the 962 medals awarded at the 2012 London Games to obtain forecasts of the absolute changes in medals awarded.
According to 2016 forecasts, Northeast Asia will continue to improve its performance at the Olympics. South Korea is forecasted to gain four additional medals compared to 2012's actual results; Japan will gain 3, and China 2. Moreover, in 2016 China will rise to take 9.4 percent of all medals available, up from 9.1 percent in 2012. 
Conclusions
The fortunes of Asia in the Olympics mirror patterns of economic development over the past century. Japan has led the way, and today participation and performance are dominated by three large Northeast Asian countries: China, Japan, and South Korea.
Although these Northeast Asian countries exhibit unusually high returns on GDP per capita, 20 One issue with attaining 2016 forecasts using this method is that we do not know the coefficient value for the 2016 year dummy. This is not a major issue for two reasons. First, coefficients on year dummies for recent Olympic Games are very small and not statistically significant from zero in the two models we have combined for forecasting purposes. We suspect 2016 will be similarly insignificant. Secondly, even though there could be some bias in model forecasts due to disregarding the year dummy coefficient, the bias applies equally to all 2016 values and therefore in ranked terms should not matter. education, and local host effects, in general Asian patterns of participation and success conform to broad global norms-there does not appear to be a uniquely "Asian way."
The overall results may obscure some interesting distinctions, however. In terms of medaling, Northeast Asia appears to conform to the international norm, while the rest of Asia lags. However, women from Asia perform as would be expected on the basis of the statistical models; it is the non-Northeast Asian men who underachieve. Indeed, overall and even for Northeast Asia, Asian women achieve better success on the medal stand than Asian men.
Likewise, these overall results mask some pronounced differences in performance across events. Both Northeast and other Asia excel in badminton and table tennis, but do comparatively worse in water-based sports. Asians also excel in weight class-based events, perhaps due to the fact that competition is more "fair" from a physiological standpoint.
Looking forward to the 2016 Summer Games, the models imply that China, Japan, and South Korea will continue to place among the top ten medaling countries. Due in part to rapidly increasing income levels, China will continue to close the medal gap with the United States, but may not yet overtake it. Although the rest of Asia continues to develop economically, it will continue to lag behind in terms of medal hauls for the foreseeable future. 
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